The wheel loader is under lots of complex conditions, suffered heavy load, and the t fatigue damage often occurred on the work device. Due to the complexity of the digging process, the load of the wheel loader is hard to be tested. As the result, the load for designing structure of the work device is mostly static load, which is far from the actual load. In this paper, a method for testing the external load of the bucket is proposed. The external load can be tested by the simple strain bridge. The experimental results show that the error is within 5% and the angle deviation is within 4 °.
2.Model establishing

2.1Calculation of the connecting rod force
As shown in Figure 1 , the loader working device mainly includes the following four components: 1 for the bucket, 2 for the boom, 3 for the connecting rod, 4 for the rocker. When the loader is working, the force F of the bucket 1 is balanced with the force F E and force F C . If F E and F C are measured, the force of the bucket 1 in the plane shown in Fig. 1 could be calculated. The connecting rod 3 is a two-force bar, which the force sensor can be easily to set on.
Figure2.Working device force diagram
2.2Calculation of the force between the boom and the bucket.
As shown in Fig. 2 , at the first, the angle bisector A of the upper and lower surfaces of the boom 2 is draw; at the second, the cross-section A and B of the boom are draw, which are required to be perpendicular to D, at the last, set the E as the origin of the coordinates, set the direction which parallels to the bisector D (as shown as Fig. 2 and Fig. 3) as the x-axis of the coordinates, set the direction which is perpendicular to the x-axis as y-axis.
Figure3.Cross-section A and B diagram
As shown in Figs. 2 and 3 , the radial force of the hinge pin at E on the boom 2 is divided into the component force F Ex in the x direction and the component force F Ey in the y direction. It can be seen that F Ex is parallel to D and their distance is c, F Ey is perpendicular to D, the distance from cross section A to F Ey is a , and the distance between cross section A and B is b.
Set the bending moment on section A as M A , B as M B , and the following equations by the torque balance equation can be obtained.
In equ.1 and 2, a, b and c are design parameters. M A and M B can be measured by strain bridges as shown as Fig. 4 .
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Figure4. strain bridges of A and B
The bridge circuits on A and B are shown in Fig. 4 .
Figure5. Bridge circuits on A and B
The output signal of the bridge is proportional to the bending moment M A and M B on the cross section A and B.
Calculation of lateral force FZ.
In addition to the force F Ex and force F Ey shown in Fig. 2 there is a lateral force F z . As shown in Fig. 4 , F z is perpendicular to F Ex and F Ey .
As shown in Fig. 3 , the strain gages R9, R10 are attached to the cross-sectional surface A at the position of intersection with the side surface of the boom 2, and R9 and R10 are symmetrical about the Line D, The direction of the strain gage sticking is parallel to the direction of the line D. The strain gages R11 R12 are attached to the cross-sectional surface A at the position of intersection with the other side surface of the boom 2, and R11 and R12 are also symmetrical about the Line D, The direction of the strain gage sticking is parallel to the direction of the line D.
The strain gauge R9, R10, R11, R12 group a bridge shown in Fig. 6 . The output signal of this bridge is proportional to the lateral force Fz at the origin E of the boom 2. 
Model validation
In order to investigate the accuracy of the test model, the static loading test is used to verify the method. Due to 5T loader shovel material weight is generally between 50KN to 70KN, so choose the weight 5t, 6t, 7t as the test load. Loader in the whole working process, the wheel loader has digging, transport, lift, discharge postures, so take above 4 postures as static load test as shown as The test procedure is as follows: 1) The bucket is idle and the rocker is controlled to rotate the bucket to pose 1 (shovel pose), lift the boom slowly, and keep the position unchanged when the boom is lifted to a point where the lower hinge point is 400mm above the ground, and record the values of each sensor .
2) The bucket is loaded weight to the same step gesture with the step1, record the values of each sensor.
3) Change the loader position to position 2 (transport ), 3 (flat position), 4 (discharge position), and repeat steps 1 and 2 respectively. 4) Test the weight of loaded weight, test accuracy is 10kg. 5) Test the center of gravity by hanging method.
The results are shown as Tab. I. 
Conclusion
1) According to the structural characteristics of the loader working device, the force balance analysis is carried out to obtain the torque balance equation of the boom in x, y and z directions, based on which, a bucket load test system is established with strain bridges.
2) A static load validation experiment under typical postures is designed, and the results are shown that the value error of the new model is within 5% and the angle deviation is within 4 °.
